Three diterpenoid dolabellane esters were isolated from Cleome droserifolia. The chemical structures of the isolated compounds were determined by spectral as well as chemical methods. These dolabellanes (I, II and III) are ester derivatives of 3-hydroxy-3-methyl glutaric acid (3-HMGA). Compounds I and II have the second (3HMGA) carboxyl function free, while compound III is the methyl ester of compound I. This is the first report of the isolation of this class of compounds from the genus Cleome and is the first report of the isolation of compound III from a natural source. In addition, eight flavone derivatives were isolated.
The genus Cleome (Cleomaceae) is represented in Egypt by nine species [1] . C. droserifolia is mainly used in traditional medicine as a remedy for hyperglycemia [2] . Previous reports on the biological activity of the plant extract described its hypoglycemic effects on rats [3, 4] . In a recent clinical study, the plant extract revealed a significant, consistent, and time dependant anti-hyperglycemic activity with no significant change in plasma insulin level [5] . A variety of chemical entities have been reported for C. droserifolia, including sterols, hydrocarbons, a glucosinolate (glucocapparin) [6] , sesquiterpenes [7, 8] , methoxylated flavones, flavone glycosides [6, [9] [10] [11] [12] [13] [14] [15] and triterpenes [8] . In this article, we report the isolation and structure elucidation of three dolabellane diterpene esters (I-III) in addition to eight flavone derivatives: four flavone aglycones [5- Compound I was isolated as a colorless oil and its ESIMS showed a prominent peak at m/z 531 (M+Na) + indicating a molecular formula of C 28 H 44 O 8 . Its UV spectrum showed no evidence of conjugation, whereas its IR spectrum showed absorption maxima at 3451 and 1729 cm -1 for hydroxyl and carbonyl functions, respectively. The 13 four sp 2 carbons of two isolated double bonds. In addition, three carbonyl carbons were evident at δ 171.3, δ 171.9 and δ 180.0. The 1 H NMR spectrum showed two olefinic protons at δ 4.87 (H-7) and δ 5.23 (H-3), with the latter coupled to the one-proton dd at δ 5.30 (J = 10.4 Hz, H-2).
The presence of a hydroxy methyl gluteryl (3HMG) moiety, as an integral part of I, was proposed by the EIMS peak at m/z 161, corresponding to C 6 H 9 O 5 . This suggestion was supported by 13 C NMR data. The two methylenes at δ 45.0 and δ 45.2, the two carbonyl carbons at δ 171.9 (ester) and δ 180.0 (acid), the quaternary carbon attached to an oxygen atom at δ 69.98 and the methyl at δ 27.5 accounted for the 3HMG backbone. HETCOR analysis suggested that the 3HMG was attached to the carbinol at δ 62.3 (C-16). An acetyl group on the structure was verified by the MS peak at m/z 471 (M + -60), along with the signals at δ 2.02 (s, 3H) in the 1 H NMR, and the signals at δ 21.2 and δ 171.3 in the 13 C NMR spectra. Accordingly, the structural information on the framework of the compound endorsed a bicyclic diterpene skeleton.
Extensive 1D and 2D NMR studies of compound I and comparison of the data obtained with those in available reports on previously isolated diterpene structures, led us to confirm the unambiguous chemical structure of compound I as the dolabellane diterpene: (1R, 2R, 3E, 7E, 11R,12S)-2-O-acetyl-16-O-(3-hydroxy-3-methylglutaryl)-dolabella-3,7-diene-2, 16, 18-triol, isolated previously from Chrozophora obliqua (Euphorbiaceae) [16] . The long range HETCOR NMR connections for compound I are summarized in figure 1 .
The HRMS suggested that compound II was the acetyl derivative of I with an M + at m/z 550.31419 (C 30 H 46 O 9 ). The additional proton singlet at δ 1.96 (s, 3H), the two carbon signals at δ 22.7 and δ 170.8, the presence of fragment ions at m/z 513.1 (573 -60) and 453.1 (513.1 -60), and the COSY spectrum [the acetyl signal at δ 1.96 resonated with the signal at δ 1.43 for the isopropyl moiety methyl (C-19)] confirmed this assignment, which was further established by comparing the spectral data of the compound with those published for the previously isolated dolabellane (1R,2R,3E,7E,11R,12S)-2, 18-O-diacetyl-16-O-(3hydroxy-3-methylglutaryl)-dolabella-3,7-dien-2, 16, 18 -triol and was found to be identical [16] . Similarly, compound III was expected to be the diester derivative of I and the methyl ester of II, as concluded from its spectral data. Compound III with a MW 14 mass units greater than that of compound II, coupled with the additional methoxyl group at δ 3.56 ( 1 H NMR) and the carbon singlet at δ 51.4 ( 13 C NMR) set the structure of compound III. The upfield shift of the C-5 carbonyl signal from δ 177.0 and δ 180.0 in compounds II and I, respectively, to δ 171.9 in compound III was further evidence.
When II was esterified with diazomethane, the colorless gummy product obtained was found to have 1 H NMR and 13 C NMR spectroscopic data identical with those of III. This is the first report on the isolation of the methyl ester of the dolabellane diterpenes. 
Experimental
Silica gel [(230-400 mesh), E. Merck], C 18 -silica gel, (E. Merck) and Sephadex LH-20 (particle size 25-100 μm, Pharmacia Fine Chemicals) were used for column chromatography. Precoated TLC plates [0.25 mm thick, silica gel 60 (GF-254), E. Merck], and precoated TLC plates (0.20 mm thick, RP18 F 254 S, E. Merck) were used for TLC analysis. HPLC separation was achieved on RP18 (250 X 0.8 mm column) linked to a Perkin Elmer LC-7 spectrophotometric detector. FTIR spectra were obtained on a Perkin Elmer 1720X spectrophotometer; samples were measured as a thin film on a NaCl disc. UV-VIS spectra were measured on a UVIKON 930 spectrophotometer Kontron. 1 H NMR spectra were determined at 400 MHz and 13 C NMR spectra at 100 MHz using a Bruker AMX400 spectrometer. DEPT135, COSY, 1 H, and 13 C-inverse correlation spectra (125, 10, and 5 Hz) were determined in the stated deuterated solvents using a Bruker AMX400 spectrometer. EIMS were obtained from a Delsi-Nermag R30-10 spectrometer, and electrospray-ionization mass spectra (ESIMS) from a Finnigan LCQ machine. Preparative separations were carried out on a Harrison 7924 chromatotron apparatus with a FMI lab pump (model G-150), using 1.5 mm thick silica coated rotors. Sodium methoxide, aluminum chloride, hydrochloric acid, sodium acetate and boric acid shift reagents were used according to Mabry [17] . 
Extraction and isolation:
The air-dried, powdered, plant aerial parts (6 Kg) were exhaustively extracted with light petroleum. The dry light petroleum fraction was extracted with methanol to give the methanol soluble fraction A (40 g).The defatted, powdered plant material was air-dried, then macerated with acetone. An aliquot of this extract was dried (250 g) and partitioned between methylene chloride and water. The methylene chloride extract was dissolved in 90% methanol and washed by shaking with n-hexane, then diluted with water to 60% and extracted with carbon tetrachloride (Fraction B, 140 g).The aqueous layer was extracted with ethyl acetate (Fraction B1, 9.7 g), then with n-butanol (Fraction B2, 14.5 g). A solid residue was deposited at the interphase between n-butanol and the aqueous layer (B3).
Fraction A was fractionated using silica gel columns, eluting with light petroleum with increasing proportions of methylene chloride, and then with methylene chloride with increasing proportions of methanol. The fraction eluted with 5% MeOH in methylene chloride was further fractionated on silica gel, followed by purification on a C 18 silica gel column eluting with 70% acetonitrile in water to give compound II as a colorless oil (67 mg). The fraction eluted with 60% MeOH in methylene chloride was directly chromatographed on a C 18 silica gel column and eluted with the same mobile phase to give compound I as a colorless oil (50 mg). Fraction B was chromatographed over a silica gel column and the fraction eluted with 75% ethyl acetate in methylene chloride was further purified to give 268 mg of compound III as a colorless oil, 11.4 mg of compound IV and a mixture of flavones. This mixture was fractionated on a silica gel column to give 80 mg of compound V, 169 mg of compound VI and 103 mg of compound VII. The fraction eluted with 5% methanol in ethyl acetate was further purified to yield an additional 69 mg of compound II.
